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the center of the eye-mountable device 110 and thereby avoid
interference with light transmission to the eye through the
center of the eye-mountable device 110. For example, where
the eye-mountable device 110 is shaped as a concave-curved
disk, the substrate 130 can be embedded around the periphery
(e.g., near the outer circumference) of the disk. In some
embodiments, the bio-interactive electronics 160 (and the
substrate 130) can be positioned in the center region of the
eye-mountable device 110. The bio-interactive electronics
160 and/or substrate 130 can be substantially transparent to
incoming visible light to mitigate interference with light
transmission to the eye. Moreover, in some embodiments, the
bio-interactive electronics 160 can include a pixel array 164
that emits and/or transmits light to be perceived by the eye
according to display instructions. Thus, the bio-interactive
electronics 160 can optionally be positioned in the center of
the eye-mountable device so as to generate perceivable visual
cues to a wearer of the eye-mountable device 110, such as by
displaying information via the pixel array 164.

[0039] The substrate 130 can be shaped as a flattened ring
with a radial width dimension sufficient to provide a mount-
ing platform for the embedded electronics components. The
substrate 130 can have a thickness sufficiently small to allow
the substrate 130 to be embedded in the polymeric material
120 without influencing the profile of the eye-mountable
device 110. The substrate 130 can have a thickness suffi-
ciently large to provide structural stability suitable for sup-
porting the electronics mounted thereon. For example, the
substrate 130 can be shaped as a ring with a diameter of about
10 millimeters, a radial width of about 1 millimeter (e.g., an
outer radius 1 millimeter larger than an inner radius), and a
thickness of about 50 micrometers. The substrate 130 can
optionally be aligned with the curvature of the eye-mounting
surface of the eye-mountable device 110 (e.g., convex sur-
face). For example, the substrate 130 can be shaped along the
surface of an imaginary cone between two circular segments
that define an inner radius and an outer radius. In such an
example, the surface of the substrate 130 along the surface of
the imaginary cone defines an inclined surface that is approxi-
mately aligned with the curvature ofthe eye mounting surface
at that radius.

[0040] Thepower supply 140 is configured to harvest ambi-
ent energy to power the controller 150 and bio-interactive
electronics 160. For example, a radio-frequency energy-har-
vesting antenna 142 can capture energy from incident radio
radiation. Additionally or alternatively, solar cell(s) 144
(“photovoltaic cells”) can capture energy from incoming
ultraviolet, visible, and/or infrared radiation. Furthermore, an
inertial power scavenging system can be included to capture
energy from ambient vibrations. The energy harvesting
antenna 142 can optionally be a dual-purpose antenna that is
also used to communicate information to the external reader
180. That is, the functions of the communication antenna 170
and the energy harvesting antenna 142 can be accomplished
with the same physical antenna.

[0041] A rectifier/regulator 146 can be used to condition
the captured energy to a stable DC supply voltage 141 that is
supplied to the controller 150. For example, the energy har-
vesting antenna 142 can receive incident radio frequency
radiation. Varying electrical signals on the leads of the
antenna 142 are output to the rectifier/regulator 146. The
rectifier/regulator 146 rectifies the varying electrical signals
to a DC voltage and regulates the rectified DC voltage to a
level suitable for operating the controller 150. Additionally or
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alternatively, output voltage from the solar cell(s) 144 can be
regulated to a level suitable for operating the controller 150.
The rectifier/regulator 146 can include one or more energy
storage devices to mitigate high frequency variations in the
ambient energy gathering antenna 142 and/or solar cell(s)
144. For example, one or more energy storage devices (e.g., a
capacitor, an inductor, etc.) can be connected to the output of
the rectifier 146 and configured to function as a low-pass
filter.

[0042] The controller 150 is turned on when the DC supply
voltage 141 is provided to the controller 150, and the logic in
the controller 150 operates the bio-interactive electronics 160
and the antenna 170. The controller 150 can include logic
circuitry configured to operate the bio-interactive electronics
160 so as to interact with a biological environment of the
eye-mountable device 110. The interaction could involve the
use of one or more components, such as analyte bio-sensor
162, in bio-interactive electronics 160 to obtain input from the
biological environment. Additionally or alternatively, the
interaction could involve the use of one or more components,
such as pixel array 164, to provide an output to the biological
environment.

[0043] Inoneexample, the controller 150 includes a sensor
interface module 152 that is configured to operate analyte
bio-sensor 162. The analyte bio-sensor 162 can be, for
example, an amperometric electrochemical sensor that
includes a working electrode and a reference electrode. A
voltage can be applied between the working and reference
electrodes to cause an analyte to undergo an electrochemical
reaction (e.g., a reduction and/or oxidation reaction) at the
working electrode. The electrochemical reaction can generate
an amperometric current that can be measured through the
working electrode. The amperometric current can be depen-
dent on the analyte concentration. Thus, the amount of the
amperometric current that is measured through the working
electrode can provide an indication of analyte concentration.
In some embodiments, the sensor interface module 152 can
be a potentiostat configured to apply a voltage difference
between working and reference electrodes while measuring a
current through the working electrode.

[0044] Insome instances, a reagent can also be included to
sensitize the electrochemical sensor to one or more desired
analytes. For example, a layer of glucose oxidase (“GOD”)
proximal to the working electrode can catalyze glucose oxi-
dation to generate hydrogen peroxide (H,O,). The hydrogen
peroxide can then be electrooxidized at the working elec-
trode, which releases electrons to the working electrode,
resulting in an amperometric current that can be measured
through the working electrode.

GOD

glucose + Oy —— H,O, +  gluconolactone

H,0, —— 2H" + 0, + 2¢

[0045] The current generated by either reduction or oxida-
tion reactions is approximately proportionate to the reaction
rate. Further, the reaction rate is dependent on the rate of
analyte molecules reaching the electrochemical sensor elec-
trodes to fuel the reduction or oxidation reactions, either
directly or catalytically through a reagent. In a steady state,
where analyte molecules diffuse to the electrochemical sen-
sor electrodes from a sampled region at approximately the



